Standard texts in neuropsychology, forensic, and educational psychology recommend the use of percentile rank scores (PRs) in reports and in oral ''feedback'' on the grounds that percentiles are easily understood by nonpsychologists. This study tested that assumption, testing predictions that errors would be made consistent with misunderstanding PR values as units of equal intervals. Four hypotheses about errors in interpretation were tested using a 12-item task to assess third-year psychology undergraduates' estimates comparing PR scores against the familiar metric of IQ. All predictions of significant asymmetrical and systematic errors of interpretation were supported. Even psychometrically educated subjects grossly misinterpret the meaning of PRs. Commonly recommended graphical display formats may unwittingly enhance these errors. Implications are most significant for forensic neuropsychology. Apparently low PRs representing cognitive performance within the Average range will typically be misinterpreted to mean significant impairment and, thus, may distort compensation and personal injury awards. Conversely, apparently high PRs representing offender recidivism risk within the Average range will be misinterpreted as high risk and impede release. D
Introduction
Percentile ranks (PRs) are widely used in neuropsychology and in educational and vocational testing situations as a means of transforming raw scores to a standard metric. Authors of classic texts recommend the use of PR scores in particular when test results need to be communicated to nonpsychologists (Gay, 1996; Jackson, 1996; Linn & Gronlund, 1995) .
When in doubt as to whether such classifications as average, high average and so on make sense to the reader, the examiner can quality them with a statement about the percentile range they represent, for the public generally understands the meaning of percentiles (Lezak, 1995, p. 159). Psychologists are even urged by some to describe scores ''only (my emphasis) in terms of percentiles, to make them more easily understood by the physicians for whom they are intended'' (Tanner, 1993) .
Less often, other authors recommend the use of PRs in reporting results but add subtlety (e.g., Russell, 1994) , noting a potential problem.
The principal advantage of PRs lies in their ease of interpretation. Even a person who thinks of percentiles as being equally spaced (which they could not be unless the same number of persons obtained each raw score) can understand something about these scores . . . On the other hand, we find it very easy to overemphasize differences near the median and to underestimate differences near the extremes . . . and even these varying differences [between PRs at different parts of the range] are altered when a distribution departs markedly from the normal probability model . . . (Lyman, 1998, p. 102) .
Outright reservations on the use of PRs are rare (e.g., Swaby, 1989) . Most texts conclude that PRs are the most understandable way of communicating psychological test performances to people who are not trained in psychometrics.
This study tested the assumption that percentiles are easily understood. It predicted that people would make significant errors in interpreting PRs, and that these errors would fall in an asymmetrical pattern consistent with the idea that PRs are misunderstood as values for intervals of equal size, rather than related to two-dimensional areas under the normal curve.
Four predictions were tested:
1. When participants are provided with IQ scores above the mean, they will estimate PR values that are lower than the correct PR score range. 2. When participants are provided with IQ scores below the mean, they will estimate PR values that are higher than the correct PR score range. 3. When participants are provided with PR scores above the mean, they will estimate IQ values that are higher than the correct IQ score range. 4. When participants are provided with PR scores below the mean, they will estimate IQ values that are lower than the correct IQ score range.
Method
Volunteers were solicited from a third-year undergraduate class in psychological assessment, toward the end of the course. Participants were asked to estimate PR values in terms of a widely used metric, IQ scores, and to estimate IQ values when given PRs, on a 12-item multiple-choice test. They were asked to estimate probable PRs for six IQ values (three each above/below the mean), and to estimate probable IQ scores for six PR values (three each above/below the mean), across a set of items each with four options providing score ranges. Questionnaires were of two types: Half the subjects were given a test format in which verbal labels for IQ ranges were provided as general information, and half were not. Participants were asked to report numbers of university-level courses in mathematics and statistics, years in university, and Major program.
Results
Responses were tallied into three types for each hypothesis, either as underestimate, correct, or overestimate, and these values were used to calculate error rates and types as proportions of the sample. These were further analyzed to see if confounds of test format (with or without verbal anchors for score ranges), amount of mathematical/statistical training, years of university, or Major program, contributed to participants' performance on the task.
The 50 participants had completed a mean of 3.7 years in university and a mean number of 2.3 courses in mathematics and/or statistics. Most (72%) were psychology majors.
Analysis of broad error patterns showed that when they were given IQ scores above the mean, significantly more participants erred by underestimating (35%) rather than overestimating (18%) corresponding PR values (z = 2.74, P .01). When they were given IQ scores below the mean, significantly more participants erred by overestimating (78%) rather than by underestimating (3%) corresponding PR values (z = 10.00, P .001). When given PR scores above the mean, significantly more participants erred by overestimating (67%) than by underestimating (8%) corresponding IQ values (z = 8.05, P .001). When given PR scores below the mean, significantly more participants erred by underestimating (84%) rather than overestimating (10%) corresponding IQ values (z = 9.23, P .001). The percentage of subjects responding to each detailed score-range option is shown in Table 1 , indicating more vividly the extremity of the misjudgments. The pattern and magnitude of these significant and asymmetrical error patterns in understanding percentiles are shown in Fig. 1 . The greatest errors in transforming scores were made when participants were given stimulus values below the mean, both from low IQ and low PR stimulus values.
None of the possible confounding participant variables contributed to differences in performance. Number of years in university, number of mathematics/statistics courses, and program major did not correlate with error rates or patterns overall, although those with 5 years of university were more accurate in estimating in one task: when provided with high IQ values. In comparing two test formats, the provision of verbal labels to describe IQ ranges did not affect error frequency or direction. Results were still grossly incorrect in the predicted direction and significant for all but one of the eight analyses; results were not significant only for participants given the verbal labels in the tasks of Hypothesis 1 although errors were still asymmetrical and in the predicted direction.
Discussion
The results were dramatic and more extreme than anticipated, all in the predicted directions. Participants grossly misinterpreted PR values, and their errors were significantly skewed in predicted asymmetrical directions rather than randomly around the correct value. This pattern is consistent with misinterpreting PRs as if they are linear units of equal value similar to percentages, rather than reflecting varying areas under the normal curve. Further, participants' errors were more extreme when they estimated after being given a stimulus value below the mean, whether it was an IQ or PR value.
These findings challenge the long-standing assumption in the practice of neuropsychology and show that percentiles are not readily understood by reasonably well-educated individuals. The problem is present even if PRs are used only to describe performances across tests that all have scores with the normal distribution that is required for transforming scores to a common metric, a condition not always met in neuropsychological tests. Errors in understanding percentiles have two significant clinical implications for reports and expert testimony.
Percentiles within one standard deviation of the mean will be grossly misunderstood
The greatest risk arising from these systematic errors occurs when neuropsychological scores are within one standard deviation below the mean, where PR values from 19 to 50 are crushed together in units of unequal size. When participants were given a PR below the mean, 84% of their errors were underestimates of the related IQ value. When given an IQ below the mean, 78% of their errors were overestimates of the related PR. In clinical and forensic settings these apparently low PR ''scores,'' thus, will be incorrectly interpreted as evidence of more severe deficits or impairments in functioning than the value represents. Patients, lawyers, judges, and juries who are told that a score is ''better than 25% of people the same age'' may understand the ''25%'' number as if it were a linear score like a percentage, rather than a population-related statistic. The results suggest that they will misinterpret the meaning of that value as if it demonstrates serious deficits and clinical disorder. In context, researchers often define clinical ''caseness'' only when PR is below 10 (e.g., Bowen, Neumann, Conner, Tennant, & Chamberlain, 1998) .
Conversely, for PR values within one standard deviation above the mean, a related risk of misinterpretation arises if PRs are used for example, in describing risk of recidivism in forensic patients seeking release, using, e.g., tables for the Hare Psychopathy ChecklistRevised (Hare, 1991) . A forensic patient described as being at the 80th percentile in terms of risk for reconviction on such a scale will be misinterpreted as being at very high risk, although the PR value falls well below a z score of 1, is within the average range, and the raw score is well below the recommended cutoff.
Graphical displays of neuropsychological scores may be misleading
Graphics to summarize scores are discussed in neuropsychology texts (Berg, Franzen, & Wedding, 1994) , are provided in textbook examples (Lezak, 1983; Spreen & Strauss, 1998) , and are often created informally by practitioners. These transform raw scores from multiple tests and plot them against common metrics including standard scores such as t scores, z scores, and deviation IQ scores, as well as PRs and others. Such graphics provide vivid summary views of performance.
There are two different approaches to these graphic score summaries. In the first method, standard score units are set at equal intervals across the range of scores on the x axis relating to the normal distribution. This shows PRs in unequal-sized units concentrated in the middle. This method, for example, has been done with the Woodcock-Johnson (McGrew, 1994) , and for mixed tests (Lezak, 1983) . Fig. 2 shows the classic normal curve and the related PR values.
In the other method, PRs are shown as intervals of equal size, resulting in gross variations in the visual placements of standard scores, which are turned into visual units of unequal size (e.g., Gilandas, Touyz, Beumont, & Greenberg, 1984; Long & Wagner, 1986; Spreen & Strauss, 1998) , as shown in Fig. 3 . Such charts spread out the z scores in the middle of the distribution, crush them at the extremes, and provide an image that may seriously mislead unsophisticated readers.
This graphic format poses the greatest clinical and forensic risk of misinterpretation for scores below the mean, where questions of possible impairment are germane. Distortion of the standard score scale in this way yields a significantly misleading visual picture in which below-mean scores within the Average range will appear to show significant impairment. The risks of misinterpretation from such graphic models are not compensated for by later textual attention to the normal curve (as in Spreen & Strauss, 1998) because such explanations are missing from the graphic.
To illustrate the risk, consider the case of PR 25. It will be the rare person who will understand that this is a score in the average range, corresponding to a Wechsler IQ of 90. The present results show that most well-educated individuals will misinterpret PR 25 as a significantly impaired score; every subject in the study judged that PR 30 was equivalent to IQ below 90, and 1/3 considered it equivalent to IQ below 69. If, in addition, PR scores are provided to the patient, attorney, judge, or jury using a graphic format displaying PRs as equal-sized intervals, the visual distance below the mean will look tremendous, further exaggerating the implication of severe impairment to naive viewers.
Conclusion
Percentiles are treacherous to use in reporting results because most people do not understand them. This can contribute to significant errors of score interpretation that especially distort the meaning ascribed to PRs below the mean. Judges, juries, lawyers, physicians, and patients are unlikely to have the statistical sophistication to interpret PRs more accurately than statistically educated undergraduates, thus, it seems wise to avoid using percentiles in neuropsychological assessment reports, oral feedback, and in expert testimony.
Three reporting methods can be used to improve the interpretation of scores to users untrained in statistics. First, scores can be described using ordinary language to indicate the range within which a score falls, as provided for absolute ranges in the Wechsler manuals (Wechsler, 1997) , and for impairment ranges as in the comprehensive norms for the Halstead-Reitan (Heaton, Grant, & Matthews, 1991) . Whatever its limitations as a metric, the Wechsler IQ is probably the most well-understood kind of score in all of behavioral measurement. The approximate meaning of its scores and the language used to label score ranges has been familiar to the public across nearly a century.
Secondly, in graphic visual worksheets displaying scores from multiple tests, it would seem best to use graphs in which the equal-sized intervals represent standard scores rather than percentiles. While there is nothing inherently more correct about either method of visual display to the sophisticated viewer, graphing standard scores as units of equal value seems to match the inherent metric of ordinary people. Such a format will help prevent gross misinterpretations that will have serious consequences for values below the mean. In an age when all clinical documents are subject to open disclosure to courts and elsewhere, the risks associated with misinterpretations of equal-interval PR graphs are significant, and can be readily avoided. Finally, in assessments where precise score values may be needed for comparisons by other neuropsychologists, the use of a Technical Summary Sheet of scores listing these in the various metric units conventionally yielded by each specific test will provide the most useful information. This kind of score sheet has the added advantage that the many different score-types listed on such a summary will be interpretable only by psychologists with measurement sophistication, thus, reducing the probability of untrained users undertaking score interpretation.
Neuropsychologists may need to take on the task of educating professional forensic and nonpsychologist clinical colleagues in the intricacies of PRs. This could be a worthwhile investment of time if a specific user-group is regularly making use of neuropsychological data in decisions. More typically, avoiding the use of PRs can avert gross errors of interpretation, while using score graphs based on standard scores as units of equal size, and using everyday language in reporting scores can enhance the probability of neuropsychological assessment results being accurately understood by courts, patients, and other professionals.
